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锂离子，名义比容量高达 331 mAh g-1，与常用负极材料的比容量相当。但是 Li2FeSiO4
第二个锂离子的脱/嵌电位大于 4.5 V，常温下商用电解质中 Li2FeSiO4 的脱锂量未超












原反应；第二阶段(0≤x<1.0)是非均匀脱/嵌阶段，锂离子脱/嵌电位高达 4.8 V 且保持




正极材料适用于商用电解质的运行，其比能量密度高达978 Wh (kg)-1。 
硫取代改性化合物 Li2FeSiO3S 在热力学上也是稳定的。LixFeSiO3S 的锂离子脱/
嵌过程依次发生 Fe2+/Fe3+和 S2-/S-氧化还原反应，平均锂离子脱/嵌电位小于 4.19 V，
大体积变化率降低到 4%，因此，硫取代改性的 Li2FeSiO4 正极材料适用于在商用电
































Lithium (Li) ion batteries represent modern high performance batteries and have been 
widely applied in such areas as electronic equipments, medical devices, electric vehicle, 
aerospace and military industry. Currently, the specific capacities of cathode materials are 
about a half of anode materials. Therefore, cathode materials greatly limit further 
improvements in performance of Li-ion batteries. Lithium iron silicate (Li2FeSiO4) has two 
Li-ions per formula unit and leads to nominal specific capacity as high as 331 mAh g-1, 
which is comparative to that of anode materials. However, a lithiation/delithiation voltage 
for second Li-ion in Li2FeSiO4 is higher than 4.5 V, and a reversible exchange beyond one 
Li-ion in a commercial electrolyte at room temperature becomes completely imapplicable. 
Therefore, it is necessary to seek for possible approachs to exchange reversiblly two 
Li-ions in Li2FeSiO4 and to clarify the lithiation/delithiation mechanisms of Li2FeSiO4 in 
order to provide scientific basis for designing and preparing novel cathode materials of 
Li-ion batteries with high capacity. 
As a method for forecast and estimation of materials, first-principles calculation has 
been commonly used in material design and research. In this work, the crystal structures, 
total energies, density of states (DOS) and partial density of states (PDOS) of LixFeSiO4 
(0≤x≤2.0) have been calculated by emplying first-principles calculations in an effort to 
investigate structure evolution and electrochemical properties of Li2FeSiO4 upon 
lithiation/delithiation and to clarify the lithiation/delithiation mechanisms of Li2FeSiO4. 
Furthermore, the modifications of Li2FeSiO4 by substitutions of selected transition metal 
and anion, that is, divalent vanadium ion (V2+) substitution for a half of total ferrous (Fe2+) 
to obtain Li2Fe0.5V0.5SiO4 compound and sulphide ion (S
2-) substitution for a quarter of 
total oxygen ions (O2-) to obtain Li2FeSiO3S compound in Li2FeSiO4, have been explored. 
Based on three structural models of Li2FeSiO4, the hypothetical structural models of 
Li2Fe0.5V0.5SiO4 and Li2FeSiO3S have been constructed. The crystal structures, total 
energies, DOS and PDOS of LixFe0.5V0.5SiO4 and LixFeSiO3S (0≤x≤2.0) have been 
calculated. The structure evolution and electrochemical properties of Li2Fe0.5V0.5SiO4 and 
Li2FeSiO3S upon lithiation/delithiation have been systematically investigated. 
The results indicated that there are two distinctive stages during the 
lithiation/delithiation process of Li2FeSiO4. The first stage (1.0≤x≤2.0) involves uniform 















voltages go up with an increase in the quantity of extracted Li-ions. The second stage 
(0≤x<1.0) involes nonuniform lithiation/delithiation in unit cells, corresponding to redox 
reaction of O2-/Or- (1.0<<2.0), and the voltages reach as high as 4.80 V and remain 
constant with an increase in the quantity of extracted Li-ions. 
The Li2Fe0.5V0.5SiO4 compound is thermodynamically stable. Redox reactions of 
V2+/V3+, Fe2+/Fe3+, V3+/V4+, and V4+/V5+ occur subsequently upon lithiation/delithiation in 
LixFe0.5V0.5SiO4 (0≤x≤2.0). The average lithiation/delithiation voltage is lower than 3.35 V, 
and the maximum volume change rate is 9%. Therefore, the Li2Fe0.5V0.5SiO4 cathode 
material can be appropriately applied in commercial electrolytes, and the specific energy 
density of 978 Wh (kg)-1 can be obtained.  
The Li2FeSiO3S compound is also thermodynamically stable. Redox reactions of 
Fe2+/Fe3+ and S2-/S- occur subsequently upon lithiation/delithiation in LixFeSiO3S 
(0≤x≤2.0). The average lithiation/delithiation voltage is smaller than 4.19 V, and the 
maximum volume change rate drops to 4%. Therefore, the Li2FeSiO3S cathode material 
can also be applied in commercial electrolytes, and the specific energy density of 1065 Wh 
(kg)-1 can be achieved.  
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